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ABSTRACT:  This  report  suounarlzes  recent  Information  and 
applies  It  to  a  more  quantitative  Interpretation  of  shock 
sensitivity  (gap)  rest  values  than  previously  rvallable. 

It  was  found  that  a  GO  In  this  test  means  that  the  witness 
plate  Is  subjected  to  a  shockwave  of  93  kbar  pressure  or  more; 
a  NO  GO  for  high  energy  explosives  and  propellants  most 
probably  occurs  because  of  the  physical  condition  of  the  test 
material.  Sensitivity  ordering  by  shock  amplitude  at  the  end 
of  the  gap  was  found  to  be  the  sane  as  that  obtained  from  In* 
duced  pressures  In  ten  materials  for  which  the  cotsparlson 
could  be  made.  The  Appendix  compa^'es  gap  and  wedge  test 
results  for  explosives;  the  comparison  suggests  that  both  are 
part  of  a  continuous  curve  showing  the  shock  Initiation 
behavior  of  the  material  at  varying  pressure  levels. 
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The  woi'k;  reported  here  was  carried  out  under  Taalc  NOL-323* 
Foiarln  Program  on  the  Senaltlvlty  of  Solid  Propellants.  By 
ua?  of  recently  available  Information  the  meaning  of  the  ahock 
oenoltlvLty  (gap)  teat  values  Is  determined  and  applied  to 
probable  detonablllty  of  the  test  material.  The  results  are 
considered  Important  for  hazard  classification  and  have,  there- 
iore,  been  transmitted  to  that  work  group  of  the  Armed  Services 
Explop  ve  S^fnty  Board. 
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ShocK  aensLtlvlty  tests  carried  out  In  this  Laboratory 
during  the  past  year  have  conflmed  the  solid  propellant 
detonab.llcy  results  that  were  reported  previously  (1)  and 
that  ar<‘  briefly  summarized  at  the  end  of  this  reoort.  While 
the  gentr*l  picture  remains  unchanged,  a  large  amount  of 
supplemeiii^ery  Information  which  allows  more  quantitative 
Interprc cation  of  the  gap  test  results  has  bean  obtained.  It 
la  the  p’.'rpoee  of  this  paper  to  summarize  such  Information  and 
to  apply  It  to  various  practical  altuations. 

NOL  GAP  TEST  CONFIGURATION 

Fig.  1  Illustrates  the  standard  assembly  for  the  NOL  gap 
test.  Its  most  Important  features  are:  a  5>.C8  cm  length  of 
pressed  tetryl  (  1.51  g/cc)  to  supply  the  shock,  Luclte, 

or  the  equivalent'  cellulose  acetate,  ae  the  shock  attenuator, 
a  moderately  confined  acceptor  charge  of  ^.66  cm  diameter  x 
13.97  cm  length,  and  a  mild  steel  witness  plate  0.952  cm 
thick.  The  criterion  of  "detonation"  used  is  the  punching 
of  a  hole  In  the  witness  plate.  The  measure  of  charge  sensi¬ 
tivity  Is  the  length  of  attenuator  (gap  length)  at  which  there 
Is  50j(  probability  of  detonation  according  to  the  above 
criterion. 


CALIBRATION  OP  THE  GAP  TEST 

Measurement  of  shock  velocity  In  Luolte  under  the  shock 
loading  provided  by  two  tetryl  pellets  (Pig.  1)  combined  with 
the  equation  of  state  data  for  Luclte  and  the  general  relation¬ 
ships  of  hydrodynamic  theory  permit  calibration  of  the  gap  test 
to  obtain  shock  amplitude  (pressure)  as  a  function  of  distance 
travelled  through  the  attenuator  for  the  configuration  of  Pig, 
1,  Such  a  calibration  has  been  made  (^};  Its  results  can  be 
^st  simply  presented  for  Luclte  of  density  ox’  approximately 
1.18  g/of*  as  follows; 


U  -  2.588  ♦  1.514  (i) 

where  U  Is  the  shock  velocity  and  u  Is  the  particle  velocity 
In  Luclte;  both  are  expressed  7n  mm/uaec.  Equation  (1)  has 
been  extrapolated  for  a  very  short  distance,  and  was  used 
rather  than  other  possible  relations  because  Its  ilnear'ty 
simplified  such  extrapolation.  Prom  Eq.  (1)  and  the  hydrody¬ 
namic  relationship  derived  from  the  conservation  of  momentumi 

P  -  f\  iJ  u  (2) 
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where  P  la  pressure  (icbar  x  10"^)  and  p,  (g/cc)  Is  the  Initial 
density,  it  Is  posr.lble  to  ootaln  the  non>llnear  pre8sui*e- 
partlcle  velocity  curve  for  Luclte.  This  curve  Is  geneially 
called  the  Hugonlot  adlabut  o-  c';uutlcr.  of  sta<:«.  fno  uore 
familiar  pressure-cotnp.-waalblllty  carve 

P  -  P(  o/v) 

■  / 

can  be  obtained  by  combining  Eqns.  (1)  and  \2)  with 


u 


IT 


O) 


It  la  much  more  customai^  as  well  as  more  convenient  to  work 
with  a  ?  -  u  curve  than  with  a  ?  -  /o  curve  because  boundary 
conditions  for  reflection  and  transmission  of  shoc.kwaves  at  the 
Interface  between  two  different  materials  require  that  pressure 
P  anci  particle  velocity  u  must  be  equal  on  each  side  of  the 
boundary.  The  convenience  will  be  Illustrated  In  an  applica¬ 
tion  In  a  later  section. 


Eqns.  (2)  and  (3)  are  applicable  to  any  matartal  undA' 
shock  conditions,  and  £q.  (1)  la  the  general  equation  for 
shocked  Luclte.  The  relationship  between  shock  pr'.ssurs  arv. 
distance  of  travel,  restricted  to  Luclte  in  this  experlr  .  *s 

P  •  105  e*0.0358x  x  ^  20  mb.  i  . 

where  x  Is  the  thickness  of  Luclte  through  which  the  shoe’  . 
travelled.  Eq.  (4)  Is  an  approximation  good  to  about  5^  ’  < 

pressure.  For  more  accurate  values  and  for  gap  thlcknei  •  3 
than  20  mm,  the  tabulation  or  graph  of  Reference  (i  must 
used. 

USE  OP  SHOCK  AMPLITUDE  TO  DEFINE  SHOOK 

The  effects  of  shocking  a  material  are  undoubtedly  crvbcd 
by  the  pressure  loading  of  the  material  l.e.,  to  the  shape  of 
the  pressure-time  profile  of  the  shockwave.  In  the  absence  of 
quantitative  Information  about  the  nature  of  this  profile  and 
for  simplicity  of  presentation,  the  discussion  below  will  bn 
presented  as  If  the  amplitude  alone  fully  defined  the  shock. 
This  Is  equivalent  to  acsumlng  that  In  the  eystemn  considered 
(a  condensed  medium  such  as  Luclte  or  brass  shocked  by  detona¬ 
tion  of  an  organic  explosive  such  as  tetryl  or  Comp  B),  tbn 
Impulse  Is  a  uniformly  varying  function  of  Uio  amulttuae. 

There  Is  some  slight  experimental  evidence  that  this  may  be  ^he 
case  for  decaying  shocks.  See  Appendix. 
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Study  of  shockwave  pressure-time  profiles  and  their 
offects  on  shock  sensitivity  are  now  being  carried  out  at  NOL 
and  other  laboratories.  Results  will  not  be  available  for 
some  time.  Meanwhile,  the  simplification  of  describing  the 
anoci.'wave  by  Its  maximum  pressure  has  been  adopted,  but  it 
v.’l'' 1  be  ree::amlned  as  more  Information  becomes  available. 

MEANING  OF  A  "GO"  ACCORDING  TO  TEST  CRITERION 

The  criterion  for  a  GO  In  the  gap  teat  of  Fig.  1  la 
punching  a  hole  through  the  witness  plate.  It  was  found  that 
*  be  tetryl  loading  attenuated  by  100  cellulose  acetate  cards 
(equivalent  to  a  2.5^  cm  thickness  of  Luclte}  resulted  In  a 
probability  of  punching  such  a  hole.  This  gap  thickness 
corresponds  to  a  pressure  of  43  kbar  at  the  end  of  the  gap. 

To  determine  the  pressure  transmitted  Into  the  plats,  ^the 
Hugonlots  of  Iron  (3)  and  of  Luclte  [Eqns.  (1)  and  (2)  are 
used.  Fig.  2  Illustrates  the  customary  method  (3).  When  the 
shock  reaches  the  interface,  Luclte  >  Iron,  Its  F  •  u  values 
are  43  kbar  and  0.91  mm/p^seo  respectively  or  point  (a)  of 
Fig.  1.  At  the  Interface  a  reflected  shock  (dashed  line)  la 
sent  back  Into  the  Luclte;  this  raises  the  pressure  and  parti¬ 
cle  velocity  to  the  values  at  point  (b)  which  are  also  the 
values  for  the  shock  transmitted  Into  the  Iron.  The  necessary 
pressure  to  punch  the  hole  In  the  witness  plate  Is  thus  found 
to  be  93  kbar.  Hence  a  GO,  by  this  criterion,  means  that  the 
explosive  reaction  has  been  sufficiently  vigorous  to  develop 
a  shockwave  pressure  of  93  kbar  or  greater  strength  In  the 
witness  plate.  In  contrast  to  the  Inert  Luclte,  a  reacting 
material  may  load  the  plate  not  only  by  shock  but  also  by 
high  pressure  gas  reaction  products;  this  Is  discussed  later. 

It  should  be  noted  that  a  GO  does  not  necessarily  signify 
high  order  detonation  which  Is  the  steady-state  maximum  rate 
for  the  given  material  In  the  geometry  of  Fig.  1.  has  been 

found  (4)  by  the  wedge  technique  that  cast  TN'i  (  1.^8) 

exhibited  a  constant  velocity  of  3.2^  mm/usec  Instead  of  the 
expected  6.7  -  6.8.  A  similar  low  velocity  at  the  30^  point 
has  been  observed  by  the  continuous  %'lre  method  (3).  It 
follows  that  TNT  explodes  with  sufficient  vlolenc')  to  punc¬ 
ture  the  plate  without  detonating.  By  applying  the  usuax 
boundary  approximation  (2)  between  cast  TNT  and  lx  on  and  using 
the  limit  of  93  kbars  as  neeessai*y  for  punctui^.  It  Is  evident 
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FIG.2  DETERMINATION  OF  SHOCK  PRESSURE 
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5 


UKCLASaiFIED 
NAVWEPS  Report  J401 


httc  the  TNT  reaction  developa  at  least  58  kbars  preaaure.* 
Since  tlie  separation  between  the  end  of  the  acceptor  and  the 
witness  piate  (0.^59  cm)  was  neglected  In  this  calculation, 

-x.e  estimate  of  t)0  kbars  I3  a  lower  limit;  the  actual 
''''espure  required  for  plate  puncture  would  be  aomewhat  higher. 

On  the  other  hand.  It  Is  possible  for  a  borderline 
mater. a*  such  as  ammonium  perchlorate  (AP)  to  exhibit  Its 
eteady-atate  maximum  rate  and  still  not  produce  a  plato  punc- 
ture.  For  example,  AP  of  an  average  particle  size  of  25  u  and 
a  loading  density  of  1.2>  g/cc  exhibited  a  NO  GO.  It  Is 
5/Oj3lble  that  .>,c.6  cm  Is  Just  below  the  critical  diameter  (7) 
lor  thlo  sample,  out  for  this  Illustration  It  la  assumed  that 
f.ie  maxlmuw  rate,  4.^2  mm/psec  (7),  was  achieved.  Again,  by 
the  boundary  approximation  (not  a  very  good  one  In  this  case 
since  the  AP  Is  highly  compressible),  the  unpunetured  plats 
Indicates  that  less  than  54.2  kbars  (again,  a  lower  limit) 
pressure  was  developed  In  the  AP.  The  computed  detonitlon 
pressure  (7)  for  this  AP  Is  54.4  kbar.  At  lower  loading 
ot?n3ltl08,  the  altuatton  la  aven  more  clear-cut* 


While  various  charges  of  AP  tested  In  the  geometry  of 
1  aid  not  puncture  the  plate,  they  did  make  It  bulge. 
j.n  tact,  the  hump  formed  Increased  In  size  as  the  loading 
aenslty  of  the  charge  decreased;  the  largest  hump  or  bulge 
was  of  about  the  same  size  as  that  obtained  without  a  charge 
present  l.e,,  with  only  air  In  the  acceptor  tube.  Early  In 
the  development  of  the  gap  test,  formation  of  a  bulge  In  the 
witness  plate  was  used  as  a  criterion  of  a  00.  It  was  soon 
replaced  by  the  present  criterion  which  Is  a  far  more  satls- 
lactory  one.  The  behavior  of  an  air  acceptor,  however,  casts 
some  light  on  the  Inadequacy  of  bulge  formation  as  a  criterion. 


The  witness  plate  bulge  obtained  with  an  alr-fllled  cube 
and  zero  gap  Is  caused  by  the  .loading  produced  by  th«  gaseous 
detonation  products  of  tetryl,  not  by  the  air  :;.».k.  This  Is 
easy  to  show  by  firing  with  water  In  the  tube  instead  of  air; 
In  this  case  the  plate  is  undamaged.  The  shocks  produced  by 


•It  la  oi‘  interest  that  the  rate  of  5.2)  cm/psec  la  that 
expected  for  TNT  at  a  loading  density  of  1,02  g/oc.  The 
measured  detonation  pressure  at  ■  1.00  Is  6m  kbar  ?5). 
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the  detonation  of  tetryl  In  air  and  in  water  are  abou«  0.5  kbar 
and  16.5  ktar.  respectively.  With  no  attenuation,  these  would 
create  leas  than  4,  (8*x  0.5), and  38  kbar,  respectively,  in  the 
plate.  Consequently  any  shockwave  damage  would  be  greater  from 
the  water  thhn  from  the  air.  It  follows  that  loading  the  plate 
by  tiio  detonation  products,  which  are  stopped  by  water  or  any 
ot><er  inert  condensed  medium,  causes  the  plate  bulge  (the  same 
factor  incidentally  must  be  responsible  for  initiation  across 
an  air-gap).  In  the  ease  of  very  low  density,  porous  acceptors, 
zero  gap  testa  that  produce  a  bulge  may  do  so  because  of  the 
action  of  the  tetryl  products  on  the  plate,  because  of  a  decom¬ 
position  of  the  charge  to  produce  high  pressure  products,  or 
because  of  a  combination  of  these  two  factors.  The  bulge  is, 
therefore,  very  difficult  to  interpret  quantitatively. 

APPROXIMATION  OF  PRESSURE  IN  CNAROE  BY  PRESSURE  IN  LUCXTE 

Determining  the  shock  pressure  in  the  acesvtor  charge  from 
the  shock  pressure  in  the  Luclte  at  the  end  of  the  gap  is  a 
problem  identical  in  principle  to  that  solved  In  Fig.  2,  The 
significant  practical  difference  is  that  the  P-u  curves  for 
cast  or  extruded  charges  lie  close  to  the  P-u  curve  for  Luclte, 
though  still  above  It.  It  is  to  be  expected,  therefore,  that 
the  initiating  shock  pressure  will  be  somewhat  larger  than  the 
pressure  at  the  end  of  the  50^  gep« 

A  quantitative  determination  of  the  initiating  pressure 
requires  either  equation  of  stats  data  or  shock  velocity  data 
of  the  solid  charge  material.  In  general,  these  data  are  not 
available,  and  the  shock  pressure  at  the  end  of  the  Lucite  gap 
is  used  to  give  a  rating  that  is  assumed  to  be  a  good  approxi¬ 
mation  to  that  which  would  be  given  by  the  true  initiating 
pressures. 

Recently,  equation  of  state  data  for  unreacted  TNT  have 
been  published  (6)**.  These  together  witn  pressures  induced 

*  The  maximum  rel'leciion  cccTflcient  of  8  is  for  air  with  a 
heat  capacity  ratio  of  1.4. 

•*  In  this  reference,  there  was  a  discrepancy  between  the 
tabulated  U-u  data  and  the  analytical  expx*esaion  relating 
them.  For  the  present  work,  the  tabula'ed  ,d,ita  were  used; 
they  were  found  to  fit  the  relation 


U  -  3.045  ♦  1.3193  u 
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in  different  explosives  by  the  same  shoclc  loading  (9)*  permit 
a  teot  of  the  assumption.  Fig.  3  shows  a  comparison  of  the 
pressure  at  the  end  of  the  Luclte  gap  with  the  pressure  In 
ti  e  charge  for  six  cast  and  three  pressed  high  explosives, 
he-  Appendix.  There  Is  no  reversal  In  the  sensitivity  order- 
iTig  although  the  Initiating  pressures  are  16>30$(  higher  than 
the  corresponding  Luclte  pressures.  The  assumption  that  ti.» 
latter  will  give  a  correct  sensitivity  ordering  for  dense 
'i.ca.rges  seems  Justified. 

MEANING  OF  "NO  GO"  ACCORDING  TO  TEST  CRITERION 

High  energy  propellants  and  explosives  would  be  expected 
to  detonate  under  appropriate  conditions.  Failure  or  NO  GO 
for  the  teat  configuration  of  Fig.  1  might  result  from  one  of 
three  possibilities: 

1.  The  material,  In  the  form  tested,  la  detonable  but 
Its  critical  diameter  for  detonation  la  greater  than 
3.66  cm  In  the  confinement  of  Fig.  1, 

2.  The  material.  In  the  form  tested,  la  detonable  but 
It  requires  stronger  boosterlng  than  that  effected 
by  the  tetryl  of  the  standardized  test. 

3.  The  material.  In  the  form  tested.  Is  not  detonable, 
l.e.  a  critical  diameter  does  not  exist  for  that 
physical  form. 

The  critical  diameter  Is  that  diameter  below  which  deton¬ 
ation  cannot  be  propagated.  Obviously,  this  diameter  must  be 
exceeded  before  a  GO  can  be  obtained.  The  teat  diameter  of 
3.66  cm  and  moderate  confinement,  which  maices  the  effective 
diameter  somewhat'  greater  than  3.66  cm,  la  a  very  generous 
allowance  on  this  8coi*e.  Recent  measurements  ui  critical 
diameter  for  nine  cast  explosives  gave  values  of  0.4  -  2.69  cm 
(10).  Of  the  four  pressed  explosives  studied,  the  maximum 
critical  diameter  was  1.3  cm  \11).  Even  aaimonlum  perchlorate, 
not  of  Itself  a  high  energy  material,  exhibits  a  critical 
diameter  of  only  1.63  cm  when  particle  size  and  density  are 
sufficiently  low  (7).  ic  is,  therefore,  very  unlikely  that 
this  factor  Is  responsible  for  a  NO  GO. 


*  Revision  of  Reference  (4)  data  was  made  by  use  of  recently 
measured,  more  accurate  surface  velocities  (15). 
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PRESSURE  AT  END  OF  LUCITE 
GAP.  SHOCK  LOADING  (  KBAR  ) 


FIG. 3  COMPARISON  OF  SHOCK  LOADING  AT  507.  POIMT 
WITH  INITIAL  PRESSURE  IN  CHARGE 
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Wnliti  It  l3  ccacelvatile  that  the  tetryl  would  he  too 
W'jak  a  ooooter  fui-  rome  materials,  in  the  several  caseis  that 
tev.ryi  was  replaced  with  a  more  powerful  booster  the  rjjsult 
waa  still  a  NO  GO.  This,  t-.'o.  Is  regarded  as  an  unlikely 
for  the  charge  failure.  | 

dy  far  the  most  likely  cause  of  a  NO  GO  for  a  high 
energy  propellant  or  explosive  In  this  standard  test  18  that 
cno  physical  foxm  of  the  test  material  makes  shock  initiation 
very  difficult  or  Impossible.  The  major  Influence  of  physical 
properties  Is  well  known.  For  example,  pressed  TNT  car  be 
detonateo  by  an  Initiating  shock  of  Zi  kbar,  cast  TNT  explodes 
with  an  Initiating  pressure  of  37  kbar,  and  liquid  TNT|can 
support  shocks  as  strong  as  110  kbar  without  showing  evidence 
of  chemical  decomposition  (12).  Preaaed  nltrogpianldlna  {25% 
voids)  has  a  gap  teat  value  of  3,56  cm;  pressed  nltroguandlne 
(4.3^  volda)  cannot  be  detonated  In  a  5,08  cm  diameter  with 
1.27  cm  thick  wall  confinement  and  with  a  booster  of 
greater  detonation  pressure  than  that  of  tstryl  (13)  •  Finally, 
composite  propellants  (AP/organlc  binder*  or  AP/organld  blndep^ 
Al)  will  not  detonate  In  the  form  produced  by  the  manufacturara 
but  will  exhibit  a  00  after  about  10^  connected  volda  have 
been  Introduced  Into  the  material  (1). 

On  the  basis  of  such  Information  and  of  the  dtaeuialon 
above.  It  la  concluded  that  a  NO  GO  In  the  standard  teat  la  a 
very  strong  Indication  that  the  material  la  not  detonable  In 
the  physical  form  and  at  the  temperature  used  for  testing. 

High  probability  of  non-detonablllty  does  not  mean  that  the 
detonation  of  nltroguanldlne  {^.5%  voids)  or  of  composite  pro¬ 
pellant  (manufacturer's  density)  is  Impossible.  It  does  mean 
that  a  higher  Initiating  shock  strength  than  S'?  kbar  oii  a 
larger  effective  diameter  than  that  of  Pig.  1  or  both  will  be 
required  to  detonate  these  materials  If  they  are  detontjble  at 
all.  I 

In  addition  to  the  guidance  offered  by  the  00  -  NO  CIO 
testing  described  above,  additional  Information  useful  lln 
selecting  propellanca  for  varloua  apollcatlona  la  provided  by 
Macek'B  studies  of  the  transition  from  burning  to  detonation 
(14).  He  found  that  the  burnt  gas  products  must  produce  a 
pressure  of  such  a  rapidly  Increasing  rate  aa  to  form  a  shock; 
the  shock  then  initiates  the  unburned  material.  Initiation  by 
shock,  as  In  Che  GO  -  NO  GO  testing,  la  a  limiting  cassi  of 
transition  from  burning  to  detonation.  Macek  found  that  a 
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r&plJly  accelerating  pressure  rise  to  32  kbar  was  necessary 
to  effect  transition  to  detonation  la  bis  experimental  con¬ 
figuration  with  two  relatively  shock  sensitive  high  explosives. 
It  la  questionable  that  the  much  less  sensitive  propellants 
can  burn  In  such  a  manner  as  to  produce  the  very  high  time  rate 
of  change  of  pressure  of  the  gas  products  or  the  maximum  bound¬ 
ary  pressure  required  for  detonation  provided  they  are  examined 
In  the  small  diameter  and  high  confinement  of  Macek's  experi¬ 
ment.  The  burning  of  large  grain  propellants  is  a  very 
different  matter  In  that  there  Is  a  large  possibility  of  a 
change  of  the  physical  state,  e.g.  thermal  or  mechanical  frac¬ 
ture  to  expose  new  surfaces  for  reaction.  If  this  should 
occur,  the  shattered  propellant  may  wall  be  detonable  (see 
results  for  porous  propellant  below).  No  large  scale  teat  of 
detonablllty  can  give  any  Information  about  the  probability  of 
such  a  physical  change  In  the  propellant  during  burning;  other 
testing  procedures  must  be  devised  to  obtain  that  Information. 

SUMMARY  OP  PROPELLANT  SHOCK  SSNSITXVITY  BEHAVIOR 

All  of  the  test  results  obtained  at  NOL  by  testing  pro¬ 
pellants  in  the  configuration  of  Pig.  1  can  be  suamrlted  In 
the  table  below. 

SHOCK  SENSITIVITIES  AT  25 *C 


Propellant 

Composites 

Double-Base 

Composite  Plus 
17-l85t  H.E. 


Loading  pressure 

Physical  State  aT~50»  point.  k7ar 


As 

received. 

non-porous 

NO  OO 

As 

received. 

non-porous 

80-47 

As 

received. 

non-porous 

69-58 

Composltb  Shredded  and  pressed; 

16-22%  connected  pores 


11-7 
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CONCLUSIONS 


The  chief  concluelono  which  can  be  drawn  about  the  NOL 
shocic  sensitivity  teat  in  view  of  our  present  Inforaatlon  are: 

1.  A  00  means  that  a  shockwave  of  95  kbar  or  greater  was 
transmitted  to  the  witness  plate;  it  does  not  necessarily  mean 
high  order  detonation  of  the  test  charge. 

2.  A  NO  GO  for  high  energy  propellants  and  exploi^ives  Is 
probably  caused  by  the  physical  state  (particle  slze>  porosity 
and  temperature)  of  the  teat  material. 

5.  Sensitivity  rating  by  shock  amplitude  at  the  end  of 
the  gap  gives  the  same  ordering  as  that  by  shock  amplitude  In 
the  .harge  for  the  ten  explosives  for  which  Hugonlot  data  are 
available. 
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APPENDIX 


COMPARISON  OP  WEDGE  TESTS  RESULTS  WITH  GAP  TEST  VALUES 


The  ahock  Initiation  of  haterogeneoua  high  exploslvea  was 
studied  by  means  of  the  wedge  technlq’AS  several  years  ago  (4). 
T:.e  booster  used  In  that  work  was  a  combination  of  a  plans  wave 
booster  followed  by  cyclotol  60/4o  giving  an  effeetlvo  booster 
thickness  of  about  one  Inch;  the  attenuation  :fes  by  three  thlck> 
nesses  of  brass  plate.  Subsequent  to  the  original  work,  It  was 
found  that  the  charge  geometry  used  did  not  produce  a  uniform 
particle  velocity.  As  a  consequence,  the  experlsentally  observ¬ 
ed  particle  velocities  were  In  error.  New  measurements  showed 
the  original  surface  velocities  observed  to  be  some  20$(  higher 
than  the  correct  values  (15  )•  Consequently  the  shock  oressures 
originally  reported  are  too  high. 


By  use  of  the  corrected  surface  velocities  (15), 

J.  P.  Wehner  obtained  revised  pressure  data.  Ut  used  LASL 
equation  of  state  data  for  brass  (3).  (The  brass  used  at  LASL 
and  Navy  brass  differ  somewhat. )  Prom  the  Hugonlot  and  the 
measured  surface  velocity  of  brass  as  a  function  of  brass  thick¬ 
ness,  the  pressure  at  the  end  of  the  attenuator  can  be  found. 
Then  the  Intersection  of  the  brass  P-u  curve,  reflected  at  the 
pressure  at  the  end  of  the  brass  gsp,  with  the  line  from  the 
origin  of  slope  (  (4)  is  the  pressure  of  the  shock 

entering  the  explosive. 


Jacobs  (4)  examined  the  variation  of  delay  time  T  as  a 
function  of  Induced  shock  pressure;  the  delay  time  Is  defined  as 


r  - 

r  - 


(time  to  steady  detonation)  - 
(time  If  steady  ve-oclty  existed 
^  throughout ) . 

-  X, 


whore  T a 


time  to  steady  detonation 


Xg  *  length  ■'f  run  to  steady  detonation 
0  ■  velocity  of  steady  detonation 


(1) 


The  uclay  time  has  the  nature  cf  an  Induotlo"  time,  but 
Its  determination  as  the  difference  of  two  quantities  of  the 
same  order  of  magnitude  subjects  It  to  an  Intrlrslcelly  large 
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experimental  error.  For  thla  rt^^soni  the  data  for  the  six 
caat  exploatvea  were  also  examined  for  the  variation  In  total 
time  to  steady  state  and  length  of  the  run  to  steady  state  as 
a  function  of  the  shock  pressure.  Because  of  the  form  of  the 
p  w,  curve:  of  Ref.  (4),  curves  of  the  reciprocals  ofl  ,  rp> 
ana  X,  vs  P  were  examined.  The  necessary  data  are  given  in 
Table  i-l.  In  each  case  (T  "*  vs  P,  vs  P,  and  vs  P), 

the  three  points  are  approximately  linear  and.  In  each  case 
tiiat  high  order  detonation  was  achieved,  the  sensitivity  order- 
ing  for  these  particular  charges  is  the  same.  For  increasing 
sensitivity,  tnls  order  la  cast  TNT*,  cyclotol  75/25>  Comp  B, 
pentollte,  octol  65/35*  *nd  cyclotol  60/40, 

The  relation  between  length  of  run  and  shock  pressure 
was  used  in  examining  additional  data  both  because  Xg  might 
be  measured  more  easily  than  f'  and  because  the  gap  test  data 
might  provide  &  fourth  point  on  the  curve.  In  order  to  use 
gap  test  data,  it  is  necessary  to  know  not  only  the  shock 
pressure  at  the  end  of  the  Lucite  gap  but  also  the  induced 
shock  pressure  in  the  high  explosive.  The  latter  data  were 
obtained,  as  explained  in  the  text,  by  using  the  Hugonlot  for 
Lucite  and  that  for  "fused"  TNT  (8)  to  get  the  pressure  that 
would  be  transmitted  through  each  gap  into  east  TNT.  This 
value  was  then  multiplied  by  a  correction  factor  obtained  by 
plotting  the  ratios  Fgxpi./^TNT  table  A-1  and  Ref.  (4) 
as  a  function  of  Ptot*  she  correction  factor  varies  with  the 
strength  of  the  shock.  Table  A-2  gives  the  values  of  the 
initiating  shock  pressures  for  a  number  of  materials  each  at 
its  5056  point.  Almost  any  length  of  run  value  at  the  50^ 
point,  minimal  Initiation,  will  be  large  compared  to  the  Xg 
values  of  Table  A-1.  The  choice  ranges  from  a  radius  into  the 
charge  (18  mm.)  a  run  for  which  no  attenuation  by  lateral  rare¬ 
faction  would  be  expected,  to  the  46-60  mm.  measured  by  the 
continuous  wire  method  in  confined  pentollte  (5).  4s  will  be 
seen  in  the  figures,  the  exact  value  Is  not  cri^'ral;  50 
was  used  for  the  plots. 

Figure  A-1  shows  the  data  for  the  cast  explosives  which 
achieved  high  order  detonation.  It  seems  that  the  shock 
sensitivity  test  values  are  related  to  the  wedge  test  measure¬ 
ments  in  that  they  give  the  shock  pressure  required  for 
Initiation  after  a  relatively  very  long  run  of  the  shock 

through  the  charge.  Some  of  the  curve  crossing  of  Figure  A-1  —I 


*  Wt  did  not  achieve  high  order  detonation  and  was  not  in  this 
position  in  ordering  by  vs  P. 


14 


yjpmmijiiijiiij  jui  mm  i.^  jiwiii^iiiipiwpiipp  ipi! 


CONFIDENTIAL 
NAVWEPS  Report  7401 


may  be  due  to  poor  data,  to  poor  seleetton  of  eurvea  to  fit 
sparse  data,  or  to  the  fact  that  different  charges,  prepared 
at  different  times.  Mere  used  for  the  two  teste.  There  la, 
however,  no  obvious  reason  why  the  curves  should  not  cross 
l.e.,  why  two  explosive  materials  should  not  indicate 
different  relative  sensitivity  at  different  levels  of  shock 
strength.  Crossing  mlgtit  also  bo  caused  by  a  duration 
effect  which  has  been  completely  omitted  In  the  present 
treatment. 

The  moat  dubious  choice  of  curve  Is  that  for  Comp  B;  It 
was  made  both  because  of  the  location  of  the  terminal  point 
and  to  obtain  conformity  with  the  trends  shown  by  the  closely 
related  materials,  pentollte  and  cyciotv,!  73/23, 

The  spread  of  the  curves  of  Pig.  A-1  Indicates  that 
these  data  are  fantastically  sensitive  to  phyrlcal  factors 
which  vary  with  charge  preparation.  Ttia  chemical  change  of 
\%  wax  Is  certainly  not  responsible  for  the  large  difference 
between  cyclotol  ^/40  and  Comp  B.  Nor  Is  there  any  chemical 
reason  for  cyclotol  75/25  to  be  less  sensitive  than  Comp  B 
and  cyclotol  60/40  or  for  octol  65/55  to  be  less  sensitive 
than  cyclotol  6o/40  •  quite  the  reverse  It  seems  likely  tttat 
an  attempt  to  duplicate  results  without  better  control  of 
charge  preparation  would  fall. 

Comparable  Initiation  data  for  pressed  charges  have  been 
collected  from  several  sources  Ir.  Table  A«5,  Most  of  the 
corresponding  curves  are  shown  In  Pig.  k-2  as  well  as  the 
curve  for  cast  TNT  which  did  not  achieve  high  order  detona¬ 
tion.  The  latter  Is  shown  here  rather  than  In  Pig.  A-1 
because  It  Is  thought  to  be  most  comparable  to  DATB.  Ref. 

(16)  compared  DATB  to  cast  Com:  B,  but  the  curve  of  the 
latter  (Fig.  A-1)  does  not  Indicate  as  much  resemblance  to 
DAIB  as  does  the  TNT  curve. 

For  both  DATB  and  DATB/BRL  2741  (DATB/phenollc  resin, 
95/5)  the  point  at  about  85  kbars  has  been  omitted.  In  the 
former  case  this  Is  because  whe  drop-off  after  the  overshoot 
(16)  was  so  gradual  that  Xb  was  uncertain;  In  the  latter,  a 
failure  occurred.  DATB/EPON  1001  (DATB/epoxy  resin,  95/3), 
howeve**.  did  detonate  at  this  level,  and  It  would  not  be 
expected  to  differ  much  from  the  DATB/BRL.  Mo.-eover,  a  50^ 
point  for  Initiation  at  46  kbar  was  obtained  for  the  DATE.-^RL. 
For  these  reasons,  the  cuiwe  hss  been  drawn  between  the  two 
terminal  points. 
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The  data  for  pressed  Comp  B  Indicate  the  large  scatter 
tor  a  pressed  sensitive  charge;  this  is  further  Illustrated 
by  the  LASL  data  for  cyclotol  65/?3  (17)  shorn  la  Pig.  A-3« 

The  large  difference  In  sensitivity  between  this  cyclotol  and 
pressed  Comp  B  (cyclotol  60/40  plus  1^  wax)  may  be  due  to  the 
hl£r..ier  density  of  the  former  (1.71  as  compared  to  1.54),  the 
dliierencs  In  the  shoclc  loadings  used,  or  to  both  of  these 
factors.  There  Is  no  terminal  (50^  point)  datum  for  this 
material;  It  Is  of  Interest  that  a  straight  line  fo^*  the  five 
points  extrapolates  to  a  value  In  the  range  covered  by 
pressed  and  cast  Comp  B. 

The  curves  of  Figs.  A-1  to  A>3  have  been  dleplayad  to 
Illustrate  three  points:  (1)  the  probability  that  the  50^ 
point  gives  the  limiting  pressure  for  Initiation;  (2)  the 
large  effect  of  physical  properties  of  the  charge  on  such 
sensitivity  curves  and  (3)  the  relative  sensitivity  of  these 
particular  charges.  Much  more  data  are  needed  to  est£.bllsh 
the  true  nature  of  the  curves  e.g.,  whether  they  are  linear. 
Not  surprisingly,  the  curves  drawn  cannot  be  extrapolated  to 
higher  pressures.  For  an  Xg  equal  to  the  reaction  zone  length 
of  cast  and  pressed  TNT  and  of  east  and  cyclotol  63/57 

(18),  the  shock  pressure  Indicated  by  the  linear  curves  Is 
much  greater  than  a  reasonable  value  of  the  von  Neumann  spike 
pressure  for  these  materials.  It  Is  of  some  Interest  that 
many  of  the  sets  of  data  alao  Indicate  linearity  on  a  log  Xg 
vs  log  P  plot,  and  that  In  several  cases  these  extrapolate 
to  reasonable  values  at  Xg  ■  reaction  zone  length.  The  log- 
log  plot  was  not  used  In  the  qualitative  discussion  because  It 
crowds  together  the  three  high  pressure  points  and  Is  too 
sensitive  to  the  exact  location  of  the  terminal  (50^  point) 
values. 

It  la  hoped  that  future  Investigations  will  define  the 
rcle  of  the  Impulse  In  Initiation  and  Its  relation  to  the 
shock  amplitude  In  various  boosterlng  systems .  Addltlotutl 
work  also  needs  to  be  done  on  determining  whether  the  acceptor 
diameter  (Fig.  1)  Is  sufficiently  large  to  give  the  minimum 
Initiating  pressure  for  an  Infinite  diameter  charge. 


16 


UNCLASSIFIED 
NAWfEPS  Report  7401 


REFEREHCES 

1.  A.  E.  Amster,  £.  C.  Noonan,  and  Q.  J.  B}7an,  ARS  Journal 
20,  960-3  (I960). 

а.  X.  Jalfe,  R.  L.  Beauregard,  A.  B.  Amatar,  NavOrd  6876 
(I960). 

3.  M,  H.  Rice,  R.  Q.  McQueen  and  J.  M.  Walah,  'Compreaslon 
of  Solids  by  Strong  Shock  Waves'*,  Solid  State  Physics, 

Vol.  6,  pp  1-63,  Academic  Press  Inc.,  New  York  (1938)« 

4.  J.  M.  Majowicz  and  S.  J.  Jacobs,  Tenth  Annual  Meeting  of 
Division  of  Fluid  Dynamics  of  American  Physical  Society, 
Nov.  1957  (Also  NavOrd  5710  (1958),  Confidential). 

5.  I.  Jaffa,  unpublished  work. 

б.  A.  N.  Dremin  and  P.  F.  Pokiiil,  Proc.  Acad.  Sei.  (USSR) 

Phys.  Chem.  Sect.  128,  839-41  (1959). 

7.  W.  H.  Andersen  and  R.  E.  Pesante,  "Reaction  Rate  and 
Charaetoristics  of  Ammonium  Perchlorate  in  Detonation", 
Eighth  International  Combustion  Symposium  (i960). 

8.  V.  S.  Ilyukhin,  P.  P.  Pokhil,  0.  K.  Rozanov,  and 

N.  S.  Shvedova,  Soviet  Physios  Doklady  337-340  (i960). 

9.  Ref.  4,  data  revised. 

10.  I.  Jaffa,  NavWeps  7360,  in  press. 

11.  Progress  Rept.,  Project  LACS  at  NOl  for  July  -  August  i960, 

12.  W.  b.  Oam,  J.  Chem.  Phys.  ^0,  819-822  (1959). 

13.  H.  Heller,  0.  H.  Johnson,  and  J.  M.  Rosen,  NavOrd  6wd8 
(1959).  Confidential. 

14.  A.  Maoek,  J.  Chem.  Phys.  I62-I67  (1959). 

15.  Pro::ress  Rept.,  Project  LACE  at  NOI,  for  the  Month  of 
August  1959.  Confidential. 

16.  N.  L.  Coleburn,  B.  E.  Drlmmer,  and  T,  P.  Liddlard  Jr., 
NavOrd  6750  (i960).  Confidential. 


UNCLASSIFIED 
NAVWEPS  Report  7401 


17.  A.  W.  Campbell,  W.  C.  Davis,  J.  B.  Ramsay,  and 

J.  R.  Travis,  Shock  Initiation  of  Explosives,  Third  ONR 
Symposium  on  Detonation,  Sept.  i960. 

18.  L.  N.  Steslk  and  L.  N.  Adlmova,  Russian  J.  Phys.  Chem. 

148-151  (1959). 


18 


UNCl.ASSIFIED 
NAVV/EPS  Report  740! 


•a 

ci 

x:  c  « 
a  **  u 
vac  Vi  ** 
a  K  « >j 
«t  <>i  o  -p  >4  a 

^  06*V) 


O  mev 

•nev  CM 

•  •  • 

ooo 

000-0 

moi^o 

<NCN4  r-4 

*  •  s 

ooo 

rH  t-’O 

®  int~ 
ins  in 

•  e  e 

ooo 

ir>CM  CM 
•HOOON 
tn<NCM 

•  •  • 

ooo 

\C  (T’-t 

S.i-4v0 

CMCM^ 

see 

ooo 

CM  cr*  m 
!.M 

*  •  • 

ooo 

■'^^nl«^ 
®  S  .4 

c^cvco 

t-m® 

b4s^® 

inoin 

O  O  l^^ 

.4  G  n 
®  CM® 

CMCO 

r-t  h-lA 

^ 

^  O 

f#  o 

.4  0  o' 

s  in® 

<7>® 

o 

o  in 
o  n® 

o  CM  Ni 

vD 

■n®® 

'O  -T  •«'. 

\0 

r-( 

iAp'^XCM 

f-4 

O'O  »<N 

♦  •  • 

®®  •n 
®  -no 

... 

CM  C^® 
t“<H® 

•  •  e 

^  w  M  CM 

a  »  • 

CM'O® 

Oo  mo 

•  •  • 

■n®  t- 

•  s  • 

^  in® 


0 

*>  >t 

<H  -a  V 

4  41  «  U  O 
**  8  4»  4  <  •« 

o  ^  V  n 

H  H  cfl  i 


jf  <7\® 
lf\®® 

•  •  • 

ooo 


in®  >>4 


vOr4® 

o 

in-sr  in 


Oing 

wt-in  cQ<no 

in-if  ®  ®  ®  c\i 

•  •  •  •  *  • 

ooo  oo^ 


Vo% 

ao 

•  •  • 

O  ^ 


3  g 
?  * 


s«»  -S’  ®  5f  m-s  ®  ^-®  >4  IT'S 

4«  o  .sg>^  s®cM  (jx-no  om'n  ®®® 

>4  8,  •  tHCMS  Oi-«CM  O  <H  Oi  r4C\J.S 

•••  •»•  •••  »••  ••• 

Qe4  ^  ooo  ooo  ooo  ooo  ooo 


^vdcM  <Ts*<\o  cocovo 

f-fCM^  0»^CM  O  CM  f^OJ^ 


COCO  ^ 
Or^C4 

•  •  • 

OOO 


« 

fH  (a  • 

:3  Ji  u 

•«  <5  aV3D  (OGOOO  iTS’^Ot  OfHrl  CpOJ-:r 

^  Q  3S  A  C^^•vO  OCOt^  OCOh*  00 

^  ^  fi^ 

cue 

M  Oa  ^ 


f-4 

(• 

•  «4 

1 

• 

«4 

^O 

#-4 

O 

O 

m 

o 

^  m 

«• 

<• 

o 

a 

U]  b 

o  m 

OJt 

O  CM 

<0 

•  49 

a 

HN. 

o\ 

a 

a  4^ 

c  o 

8 

4>in 

om 

H  U 

•m 

«»\n 

o 

u® 

X  o 

X 

04 

o 

o 

o 

o 

L-iw» 

19 

UNCLASSIFIED 


v3mpu;;ed  by  J.  r.  Wehner,  see  text.  Remaining  data  from  curves  and  tables  of 
Ref.  (A). 


T 


CONFIDENTIAL 
NAVWEPS  Report  7401 


N  < 

^  f3 

w  « 

CQ  C/J 

?S  ?3 


rj 

&i  • 

3  *1 

O 

33  * 

3 

01  3? 

O 

4)  t« 

;2 

^  C  J3 

M  0,  W 

V) 


C 

o 

w4 

O  Sm 
4>  O 
U  -U 
o 
O  (Q 
U  ft. 


to 

«) 

6^ 

C  z 

MgH 


00  o  mo 

O  ^ 

*-<  CVI  CM  ,-4  01  m 


U  i 

m  t^oo  o  00  o 
<T\(y\o\o  o  o 

•••«•• 

O  O  O  <-H  <-•  1^ 


lAiTvO  O  •e\’ev 

•H  ^ 

!-•  (M  04  (.M  fe\ 


M^OCO  (>- 

•  •  •  • 

>*\o  m 


«  , 

oo 

•  •  •  • 


^-OCMO 

•  •  •  • 

H  C  K\J» 


Ji 
O 
O. 

!» 


OJ 
<r 
o  o 


•<>  iTvvO  fe\  o 
•  ••••• 
ITit—O  vA.^  ^ 
1-1  04  r-t  CM  ■*> 


O  O  (MCM 
•  •  •  • 

CM  ON  CM  CO 
el  1^  fe>tA 


a 

t 

3^44 
m  e 

•  w 

o  -a  oj 

Z  tfOi' 


> 

a 

♦»  °L 

3S^ 

U  til 


cO  oci  -JJO  ev 

CM  CMe,CM-1rH 


H  ^  o 

to 


o 

§ 

m 


CO  lAlAO 
•AONieNCM 
CM  f«i* 


vOti^eMtw 

VO 


I  <(? 

O  ifvi^ 

NO  W>p«. 

4^inr-1 

*4  ovo  O 

H  tp  i>  44 

O  O  !-•  o 

44  a>-<  Oil 

c  e  o  44  o  ti 

«  O  !»»  >tSS 
lUUUOL  pi 


44 


V 

> 

T*  *41 
4>  nj 
n  o 

(Util 


■:» 

{m 


uSSS 


I 


VO 


ts 


4 

4* 

« 

T» 


1 

44 

« 

44 

o 

o 


20 

CONFIDENTIAL 


■  _ I 

IV  —  O 

O  -  ® 

(uWWIi'X 'Mttl  JO  HXgNn  ivooimiom 


24 

CCNFIOEN.IAL 


SHOCK  PflESSURe  (K0AR) 

FI6.A-3  SHOCK  INITIATION  BEHAVIOR  OF  HIGHLY  COMPRESSED  CYCLOTOL  65/35 


«•>.*'>»  c 

4J  ^  •>  (3 

•I  C  i»  f  4  n 

4»  -i  ¥>  >>  R 

il  rH  •r^  •r^  ^ 

«-<♦*•**» 

■*»  V  ^  •  ■  ■*•  4)  «  *j 

c.  M  •*»-•  o  “T 

(XOC 

4>tlKO^UU 
o  «■>  !•>  F-  c.. 

•  •  •  •  »-»  t3 

r^f't  r'.  M  >>^  H 


C»  U  U  ^  \ 

O  ^  ® 

.  u  (o  i  j 

i  fc»  >:  «  i 

^  T*  M.  « 

K«  *"  ti.  <  ■ 

1  ^  *>  to  r*  ^  n  •>  « 

4  ,  4)  •«  *-.  •4'-- 

•  < ■  ^>  J  c  **  «•  > 

4  '  f .'  -44  «<  V  •  C  • 

)  r:  %■*.  ♦>  *>  i»  ^ 

;  >.*>  Ij  -H  *-<  4>  I 

,  *  >  c  ♦'  >  '■: 

*»  c  ^  « 

)  4S  #.  r>  4-.  . 

4r  ^  c 

•  ;  ,  t-  u  ir  A  A  . 


..  •  f  ■  t,  f.  c  •" 

«•.,..  *  3  <■  •  «  «c  ^ 


**  >4  ^  >»  i: 

m  *j  c 

•»  r!  vH  t> 

.j  r  >•  >  , 


..  r>U(j.K«>«^n 

t'.  14.  ’,^  1.:  "if.,  S.  ,-.. 


.....  «.{.j... 

.'•■  i,  i.'  1 


I  •  u  1>  *4  ••  ^'«-«» 

.<  f.  J  k 

f  4  1  *.  .*'.  O  «  >» 

:.\  rt  ?,  -4  .»>  t 

iil  X  ►*  Si»  +*  v-*  iH  *• 

u.  />  ».*»>.. 


p  .  r  4  r  ;  I 

U  J  f.j  ’!,  •  J 

O  t#  .,.,  f.  r  I 

It?-'*’'''  .  -  J 

;  .;•’ ". 

9  >;  .1  r  , 

^'■J,.-  -it'-  ‘■' 

-  !j  S  '>  " 

■a  ;5^. 

pi'.  ■ 

i  yy.f  ’ 


,1  i  .r«  J  («  O 
O.P  d  ^  g.^ 

a  St 

fi  V 

*»  ■>  ^;  tifi  V 

^  f>  ►*  •>  o 

n  C  M  %4 

4.  .«4 

^  x«*r]  ** 

r,  43  <>  4» 

(.;  p  «4  r*  ««  4«  4 

•  ‘  «  ►  O  jp  «4 
^  «  PM 

03  p  4M  • 
>4  e  p  p 

’':i«S"5a 

•«  <*«  o:  «  P  P 

^^  t  *.  »o  .a  a 

t-,  (1.  p  «  « 
*-  pp 

• ..  ,>  .  p 

w  4  HP 

7  rt  P  •  4 

M  9  (.  «  « 

«.  V  •«  *'  3  ^  • 
-  4  '  p  p  •  M 

J  .4  w  4  P  03  9 

«  O*  I*-*  P  • 

MO  ^9 

C  r  •  C  A»  «  4  • 

.r: 

'  ••  »»  .il  O 

o  pp 
A  .  .  1  V  O  « 
p  p  P  n 

‘■".'■‘"•31 

I  ;  ..  p  X  6  O 


♦»  4»  4 
«l  C  •'<  4 

p  4  k  iy 

M  p  4^  P  - 

V  ^  p  m 
p  4  i> 
c..  «  p 
a.  o  c  (A 

4  >4  •>  X 

O  •'^  l4t  ' 


,S  »-'  c 
4  F-  »: 


P.-Fif 

«•  t:>  cT  » • 
F.  -r  t  »  'i 

o  r*  .  T 
Xi  -i 
44  p  ^  iti 

o  r  I  »' 
i.  .i 

(«  vMa. 

9 

u  »/» r  <  * ' 

^  — *,  1  fr 

.9  '•! 


**  p  p  «> 
f4  J. 


**»■)  I.  P  • 

M  r*  P  ' 

C  -5  *  ■  p 


r  rr .  ♦  v  P  o 

M  r.4  .r*  P  P 
t.  p  P  M  p 

p  %/  P  « :  ..  I  I,  * 

1..  w>  .►«  „  . 

(2.  O  U  (3.  t.*  «> 

e  u-  o  1.1  'If*  r.i 


.-  <  n  4  M 
»•*.  C-  •«<  4 
0*  i*  ^•*  ' 

II  P  #.4 


‘noi  I 
4>  f  «  •T4  I 

u  u  i:  . 


o']  O  P  (3 

•  •"  J.  p  P 

^  P  Ck.'>  J  U  ( 

>  «  04  n  w  ( 
Ik  p  •  >  - 1  \ 
I  X*  4*  M  O  b 
'  <J  !>  O  O  I 

O  <4  "  ^  J 


•  •  {..w*  1 

«  O  #■*  < 

|4.  «  C 


rt."**.- 

»>  4  f.  r:  t  , 

•  «•,»•»  •*  4 

3  «*•  4»  1^  I 
«  r  *.  H 


..  «•  p  H  n 

•  t.  fi.  H  4 

;  «s  <•  »* 

»  r  •-*  o 

"v  i!  ;• .  r>  t,  I 

•  4  04  • .  J  .  . 
:  t  X  44  s  4»  I 


J  f»  o 
I  S  «>  •'. 


p  I  M  I*  ••  ‘ 

P  i4  ^  « 

N  p«»»  ^  p  •  .1 

a  4  ► 

i;  w  4  p  p  .V  I 

1^**  >:: 


C  ' 

II.--.  ••  *7  ti 

Pr.f.f.  I 

b  •»  Ul  • 

O  ♦--  4.  f  . 

O  1.4 

^  p  u.  .  ,  . 

.  J  U  •,  i-  •  ! 

.  R'\..:  .;■; 

li  '■  .  ,  c.  .1  ' 

t,  I  ■  I .  -  ^  1 


4» p  4>*  V  m 

C  >  XI  fj  c 

\  .,  *.•4  *•  f'  » 

( .  fi  p  p  p  «• 

.  ;'  p  «4  M 

4  t  t- 

tl  k  P  *1  ' 

V  *  4* 

.  fc,  «  M  t‘  I 

M  (>  t  i 


r”  ,  “.V.*:: 

.  •  I  .,  u 

t.  «•  ..4  .J  P  I 


f.  r  ..  e. 

t  >4  .•  H  4 


'  Il  ^  o 
}  b  A  b  ll 

J  ii  ^-j  fe 

f'  ?  P  k4 

i  X.  o 

t  ;  p.i  « 

)  p  wpj 

4P%«P  4 
n  V  C  ^  P 
*.P  O  U 

ft  «  4  4 

u  4  il  H 

.  -3i 


'  p  P  O  b 
>  f  O  /I  P 
M  p  • 
(*.  M 


NAVWEPS  Report  7^01 


DISTRIBUTION  UST 

No.  of 
Copt  ^8 


SPIA  (Diatrlbutton  List) .  .  .  80 

Director.  Special  Projects  Offlc'^ 

Was.Mngton  23 >  D.C. 

Attn:  Code  20 .  4 

Chief,  Bureau  uf  Naval  Weapons 
Washington  23>  D.C. 

Attn:  RUU0>322,  0.  D.  Edwards .  1 


Commanding  Officer,  Naval  Propellant  Plant 
Indian  Head,  Maryland 


Attn:  Process  Development  Division  .  1 

Attn:  W.  C.  Cagle . . . .  1 

Liquid  Propellant  Information  Agency 
The  Johns  Hopkins  University 
Applied  Ph)8lcs  Laboratory 
8621  Georgia  Avenue,  Silver  Spring,  Maryland 

Attn:  Library .  ...  23 

University  of  Utah,  Salt  Lake  City,  Utah 

Attn:  Dr.  W.  A.  Uraenback . .  1 

U.  S.  Bureau  of  Mines 

4800  Forbes  Street,  Pittsburgh  1>,  Pa. 

Attn:  Dr.  C.  M.  Mason  . .  1 

Aerojet-General  Corporation,  Azusa,  California 

Attn:  Or.  C.  L.  Zemow  . . .....  1 

Attn:  Dr.  S.  Burkett  ...............  1 


(NOrd  600668) 

Aeronutronlcs  Systems,  Inc. 

1234  Air-Way,  Glendale,  Callfoml-i 

Attn:  Library  .  ........ 

(NOrd  17980) 

Director,  Office  o.'*  the  Secretary  of  DeJenae 
Adv.  Rea.  Proj.  Agency,  Washington  23,  D.C. 


Attn:  Dr.  John  Kincaid  . .  1 

Atlantic  Hesearch  Corporation 

612  North  Fairfax  Street,  Alexandria,  Virginia 

Attn:  Or.  AndreJ  Maeek  . .  1 

(NOrd  600364) 


